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DETAILED DESCRIPTION - The semiconductor laser has barium layers (117-119) 
placed between clad layers (115,121) having different conductivity. The p-type 
InGaN light absorption layer (122) with absorbent factor higher than clad layer 
(121) is distributed on barium layer (118) and reverse side of p-type clad 
layer (121). 

USE - Used as light source for high density information processing of optical 
disk. 

ADVANTAGE - Offers low threshold value and hence enables low voltage 
operation. 

Lowers oscillation threshold value by using optical absorption layer. Offers 
single FFP and suppresses flare angle and astigmatic difference. Reduces crack 
generation. 

DESCRIPTION OF DRAWING(S) - The figure shows sectional view of element 
structure of semiconductor laser. (115,121) Clad layers; (117-119) Barium 
layers; (122) Light absorption layer; (124) p-type InAIGaN index layer. 
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structure of semiconductor laser. (115,121) Clad layers; (117-119) Barium 
layers; (122) Light absorption layer; (124) p-type InAIGaN index layer. 
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t>«0fc-f 6 . XftKJI 1 2 2XtttE-F£MJI 1 2 4# 
«HW«R»t6*irv^vt»^tt, aRtfe-FJCfcWR 

FJI 1 2 3 Hflffll 12 4 HMflHtcESU 

flS^iSft*:- FflXtaWMtf-fc J: 5 

6. 0!;UfB6(CiJVvr; N dl=d2 = d3 = d4tL 

fzH&Thh. #** t *6ffid0«D^tT*6*&&t>3- 

[0047] IMWrtHfeTliJWC*- Ffc J: 
»t4>*l*VVF, KifrE- F^»Sc^V-if^g^^il)0 

FO»R**l/-ir»SI»fc»< £ 
fcliff*L<fcV\ 3>*?FJf 12 3+fc:ftiSJt!Ufl 

2 2 Wit- FMMI 1 2 4 »«anR£i9n-««^: 

[0048] &±<nt o iz txfttixmimm&mi* 

U—fli. 4 20nmtfj£<0»ft-CgfflaigfaiU * 
0L«tHiaikA/cin* mTT*0. 4fcP— f?& 
StfcttS F F P«#^T*o Jt . 

[ 0 0 4 9 ] icDi d ts^lfigBSK: iixtf . p - A l 
GaN?7"/Kll 2 li:pfflW«il 2 5t^S(7)p- 
GaN3y^Hl23+f:, 3y^^h®123t 
a^c0M=5rSp-I nGaN3K®JR»l 22&IXp-I 
n A 1 G a Nft^ftt- KMM« 1 2 4 fcfigTS ^ i: 

KMWI 12 4 0KS£jaMftfc-f~& ittcJ:-? 

[0050] m2commm) mm. *>mm2 
(rmffimiz&b&tmftis-^nmTffimzKtmw 



(7 

1 1 

■c. *«Bu*«tt®w*. 

[00 5 1]^7T-fT»R±l lOt. GaNjE^* 
I.AV7TI1 1 1. Si H-7-<0n-GaN*^^S 
nl3^?Ml 1 2. S i h'-TOn-I nA 1 G 

SL^fi^h nmm».^- vvmm\ 13. nany 

*:7hJI112. S i F-T«9n-I nGaW>^ 
nWtWSMl 14. JfSi F— 7V)n — A 1 GaNA 1 
WSnl?77H1115. Si F-TOn-GaN 
*»^:5rl> nS#4 F» 1 1 6 . Si F-7V>n-A 1 G 
aN*t« nSifB8$S« 117. Ztl-eiWMZtf 10 
1 0 nmOT<02aScDI n A 1 GaNJgOtSOSH/C 
ffijfi^il-S^ftifllj&b^^S^Sa^F (MQW) fit 
ja*^^MQWfi§tt«l 18, Mg F-7tf>p-A 1 
GaNK^pSmtil 19. MgK-7Wp 
-GaNK^rSp^KlnO, MgK-T^P 
-Al GaNa>£>&6pM?7«yFJf 1 2 1. MgF- 
7V)G aNrt^&S p!3^?? hfl 1 2 3 

[0052] -£LT. pSn^^FSl 23*>£>nS 
nvftvmi 1 2<^+4fgWWltx«yf-^3 20 
ft. gajUrnMrjy^hJll 1 2<0«ffitJinffl« 
fill 2 6jWBj££*1. -Jp13^;M12 3±C 
ttpfflWffil 2 5*«£*lTV^. 

[0053] MMRJRJI 114 ICOWCtt, I nfflj£#M 
QW*S14Jf 1 1 8<0#FS 1 nfflJdU: 9 

a£s<-r&t>ofc-ra„ ^s&t-Fjijfflwi 1 3(c 
ov^xtt. %tmmi i4fc^ait©jR^a*^v^^ 

^t<<±A 1 GaN£ffltvtJgflf*5:Ga 30 
[0 0 54] 07-Cte. JK^ftt-FSIfflHl 13S:n 

1 2«t»tiag{frv^*«. 2Jf£it 

A 1 G a N&Tf/Xte InGaNtGa NCOjBt&^flSia 
f:L^^*,$6*ttll«T&S. FBI 12£ 

«M-*fc*>fc*li K-r*tr 3 -r fc i>*rtig-e*>£ . * 

fc. XWDWl 1 4fc*»**-K*l«Wl 1 3<r>Z-h 

biF-umzWiSih z t i>*im?hh. 3fo»iR 40 

Ml 14#i!<. GaN3^?Hl 1 2tft'3t^ft 
[0 0 5 5]*gliBBWfctiW-6J:3S:. 3K9URS11 

«. A 1 GaN?7 "/ Kl^*^F+^-C3b&>'3 y f 9 F 
Ml 1 2fcL*Brt1»trtK 3^*7 F«l 1 2fcft 

m3v??Ym\ i2\zm-k%<mn.*ifi. ni3> 50 



1-251685 

1 2 

99Vm\ 1 2fc*WKBl-l 4aW3B»»t-HIWaP 
1113 SftttHte* nl3 y 99 Villi 2*\<m 

[005 6] ft*«jt"ro F F Pii£*H&&j(t 

C:wJ:3%^<ittttp-GaN3^^Mi2 
3. n-GaN3^^ Hfl 1 2^»*»fiajL. ^ 

U 4^MJB@t:i5J:dfc:na3y : j'^hHi 12 + 
fcfttSiRJI 1 1 4&tfftg»*- KMM1 1 1 3 «Wt 

FFP{iJP*i;&6. 
[0057] 3tf»JRSl 14£f£ftTt>. F- 

ft&t- KT'&ST* 

— ?l±. 3y?^Mll 24»fc:^-FiSIfflUil 
1 3£TOBMKi9KU WJct-HoatSjqii** 
85T**. 3fc®JRSl 1 4X»±*-H5W11 1 3#E 
JBHOWtfcftTVVStltiatt, iU&*-F£J:l>?8g 

SI 1 1 3£9ISHef!BU # 

s&oK&t- Fw^aq^tra <t o iz-tzumx-hz . 
[0058] &*<7>;s«-ra. ^are- f t J hfmt 

itiaFiL<ftv\ 3y^Mi 12+fc3K«JR« 
1 14XttflamUU»^ i Sr£ : e-FtMWIl 13** 

[0059] &±<r> x o iz Lxm*9S/amffmm 

4 20nm#jffo«[*T^ia^faiL. -e 

WLJ^IIilkA/cm^ JaTCft9» 1T« 
£(Zfift& F F Plim^Tfc-^Jt. 
[0060] (?g3coH^S) 08«. *l^com3 

=3riJ. HltH-»»-fc»4RHI»iftL 

[006 1] 1f7r^r««Jil 1 0(c. GaW^iJ: 
4A' 7 7rilll. SiH-rWn-GaNH^ 
nl3^?Ml 1 2. S i H-7"<0n- I nA 1 G 
a N*^^|, ni»t- KOffH 113. nf3 y 
^?M112, Sib'-7«n-InGaN*>WS 
nS3K®JR®l 14. SiK-7«n-AlGaNH 
=5rl>na^7 yH«l 1 5. Si K-7V)n-GaN*> 
6&&n9ZM Kll 1 6. S i H-TOn-A 1 Ga 
N^^n^mmSll 1 7. «i**l0>JSSj&«1 
0 nmOT«2^iC0 I nA 1 GaNgCO^OMLT-ffi 



(8 

1 3 

^tihwrnmifih^h^mMFi-^p (mqw> mm. 

A^&SMQWjSttJll 18. Mg F-7Wp-A 1 G 
a N*»£>&|> pSjSTOMS 119, Mg K-7V)p - 
GaNj&Xo&SpMtf^ Kll 2 0. MgK-7^)p- 
AlGaNK : 5r4pI?57K1121 > MgK-7 
<0I nGaN*^^rSpS5K»iR112 2, MgK-7" 
«0GaN^^ P S3^^hfll2 3. MgK-T 
ff)P - I n A 1 G a N *>/S>& £ pIMIt- FiBlffllJI 
124. P I3^?M1 2 3#jfc£J&£3*lTV> 
6„ 10 
[00 62] *LT. pS3^?M12 3KnI 
3^?M1 1 2<0i>f*tS^tX.yf>'/$ 

&12 6tffitfLZti. -*Pl3y^Mi2 31t 
[0 0 6 3]5KiRJR112 2ai^l 14{C-?V^T«. I 

flK-ratot-rs. j^st-Hsoffliei 1 3x«i 20 

2 4iCOWCtt* 3K«JRai 14&m 2 2fcH8£l8 
IK&&* { iS^t>tf>£JHV>6a\ ^L<«A 1 GaNS-ffl 
tvt®#r*£Ga N J: 0 *>{£< Utt><9£fflv*6 i i: fc 

[0 0 64] H8"C«. ^at-Hfflfflai 13. 1 
2 4£nM3>':?:? Wll 1 2i pMrJ^?? hJf 1 2 
3+fc#l«^fCV>&*«, £*6^3rcbffib&vi 
U ftSSSE*- KMtMi 114. 1 2 2 Sr 2 JftLtlfc 
t7\ Wttfny^HffcA 1 GaN&tf/XI±I nG 
a N t G a NOjgl&^flljii: LTt^t S&*J±H«T'i> 30 

ny^wi 1 12. 1 2 3&mm-wmkLtii% 

4, 1 22fc3fcgifce-K$lJfflUll 13, 124<Di:*> 
t> *— *fif»t*RJ« i fc fc TOTfc S . fl£tf XWR 
11 14&t//Xlil2 2#&|<. GaNrjy^Wf 
1 1 2 tftC^^St^E:— H^HWS 1 1 d.imvxhh^fe 

[0065] *SBUBIW=£ltSJ:3(c. 3&»JKJ1 1 1 
4.12 2&tf/Xliftgj& ; E- KMflM 113. 12 40 
4 £K(tfc*&tt. A 1 G a N ? ? 9 KJUMflFfft-C 
3t*>*rjy^^Mi 12. 1 2 3tL*tB-r«aT't. 
3^?M112, 12 3C3fc!£*;#<jBh.£.ri:2: 

ffln&v^. NFP*ISt P l3y??Mi2 
3. nSay^Ml 12£L*ajLT^&.Ifc## 
ZZX\ rjy?7Hf 1 1 2, 12 3 HfttRJDUf 
114. 12 2&t^NI[ : E-FflHWBll4. 124 
£3Vtfc*te. NFPSriLStny^Hf 1 12. 1 50 
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2 3A.co3t£0«h.{i/h$<^»). fWLSnetfflsFt- 

[ 0 0 6 6 J Wm&X-\± F F PttlHHfcfcjS"*- 

ci^«td^i«IHtJiP-GaN3y^^Mi2 
3. n-GaN3y??Ml 1 2^3fc* { if*iajU IS 

L. %$SSffiMlrZ&&£ol,za>??}'Ml 12, 12 

3 +t5ieSlRS 114. 12 2AX/m$L : £- FMMIR 
113, 12 4*aitfclB&\ FFPi±JP*fc&6. 

[ 0 0 6 7 ] *HJSJg©?><}: 3 p!3 7 bJI 1 2 

3. niny^? hjf 1 1 2<muiz%<?)mtiiimt 
Htm. sBRmm(o£oizp®x^nmjm')& 

ttiX^h^iz-o^XTt)*) . pav^MltfJVt) 

[0068] hjio j: 5 iz Lxnt:*mmim¥mft 

U-mt. 4 20nmtti£<7)»*TgiajS^&JgU * 
aL&VttfcilkA/cm* JSTPefcO. * 

sctjjts f f Ptejpre&->jt . 

[0069] (flMDXNfflm) 09{i. *I6BB^4 

[007 0] V-7T4TWfiLt \ lOt. GaNHSr 
SA'-/7rIl 1 1. Si K-7"<0n-GaN*»^S 
nS3^?MH2. SiH-7<0n-InAlG 
a N*>6&* nl3^it- HMfW 113. nfa y 
^?M112, SiH-riOn-InGaNM^I. 
nSfttRJRJgl 14. Si K-7tf)n-A 1 GaNK 
nl? 5 »/ FJB 1 1 5 . Si K-Wn-Ga N*> 
t>%&nm*H Fll 1 6. Si K-T<On-A 1 Ga 
Na^&S nSjfffiRgJl 117. ^ft-filCOffSaU 

0 nmOT<02ffil<7) I nA 1 GaNSc^OiEL-ClS 
j£3*lSEJW«iri>£&6£*fi^#F (MQW) fflJS 
*^^MQWMttai 18. MgK-r^p-AlG 
aNa^&SpSISMSSl 19. MgH-7<0p-G 
aN^^SpM^'f K«l 20. MgK-r<7)p-A 
lGaN*»£>:5rSpS?7>yKJf 121. MgK-T<9 

1 nGaN*»^&pSBt®JRBl2 2. y^F-TX 
JiS i Y—y<T>n- I nA 1 Ga Nj&^&SmSET'n-y 
^112 7. yy F-TX&M g F-T<Dp - I n A 1 
GaN*^£63|^t-FigJffil«12 4. H^o-y 
^112 litmmLZhX^h . 

[0071] rtg|5t3K©»t- 1 2 4 ££tf» 

S[yn.y^ll2 7{iXh7-f7-«t^P$il.. Zcm 
□Sat/SST'O >y ^11 2 7 Jifcli. M g H-7-<?5G 
aN*>^&pS3y^^hll 23. pSBfcg**- 
H»Iffll«l 24. Pl3y^? M12 3tfj££jB£3 
ilTl^S. -eLT. -€"LT. pS3y??Ml2 3fr 
tnSa^nil 1 2c7«i+*Ta4Wltx-yf-y 



1 5 

rzti. m&uznmzyfthmi 1 2<rmm\z\tn 

limS12 6*^ja$il. pffl3V*?MIl 2 3_Lfc 

[0072] immi 22RXfl 14fcOWOi, I 
niffij£#<MQWiStt« 1 1 8c7)#Fa I nffljfcj: 

g f- t y^-rs i 1 1 J: o 7 y u toxjk 

Ml 1 3X«1 2 4(CO^T«. 3K©IR«1 1 4&V1 

2 2tmizmi8mm^i><7>m^z>i)\ mi<it 

A 1 GaNfcfflVvCSlfflgfcGaNiD *,ffi< bfct>tf) 

[0073] 09 Ttt. ^StfcE- FiHWlSr Pl3 V 
??FJfl23, nS3y??FJgl 1 2+C:#lJflS 

FM»P»fc2JliaJJW'K PJttfnv^FJl&tf/X 
Ji^E^O >y ?J1£ A 1 G a NRV/Xli InGaNi 

g a N^^&f mmt Lfz%& i>y>mmm?$>z . n 

«Itt^i^£ffi«i-£fc*fc£PF-T£tT9 £fc t^T 
|g-CJ>5. m.WMl 14. 12 2k3^« : E- 
HMMfl 113. 124 ff)k'*> t>i^-1}t:VZm"r& Z 

k i>^mx'h&. mwimwa 1 1 4m//x\t 1 2 

2i*<, GaN3^;Hll2. 123+fc3K@ 
FfHfWJI 113. 124 A^ftT t>&tgr&i> HZ 

tlh. 

[0074] *mm&mt l zt5v& i 0 izya >y ?m 1 2 

7$X//Xiia>f? hM 1 1 2 . 12 3*Nc3fcgJRJl 
114. 12 2&tf/Xteft&S ; E- FMfflf 113, 
12 4 £SWy§£{±. AlGaN^'y FJf 

#-c*#3 >99vmi\2, 123 (c L»avr*ift-e 

t>. 3^*7 Mil 12, 1 2 3fcft*>**£<iSfl.?,£ 
ifcRJubU ir<fct-Ffci£56JI£tti©.ILTFFP£ 

12, 12 3+fc3t®ltZJll 14. 1 2 2»tfftgl£* 
- KMNUf 113. 124 F F PttijU* 

[0075] jsutw ± 3 \z Lx®t:*mwm<&mft 

W-yii. 4 2 0 nmfti&a^T3ati«R&U * 
*>L*VH«ilkA/cm* jaTCJbO. f» 
fitfc*tS F F Pii&*&T$>it:. 

[0076] (m5vmmm) mi (m.*mcom 
BBHr&s. mi tH-ajfl-tuHHrtiftL 

[0077] 5tfciiBBL>tm40||SgJgl[tOjg^(±. 
VSIKWp -A 1 GaN?77 HJB 1 2 1T*S*LT 
Vt*£fcT%&. ^o^ll 27{iS i F-TOGa 
NXliS* L < ii S i F-7V) A 1 G a NXJi I n G a 
NT'fc 0 , ? 5 >y F® 1 2 1 +fc»RJf 1 2 2#gtt 
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1 6 

MlTV*. aVM-YMl :2 34>ICI nGaN 
XttA 1 G a N*»6«r**ite- FSJfflW 1 2 4 #l£ft 

[0078] pflrasirvr , jtmm 1 2 2at/3i^ 

t-FSJffllJil 245-^7^11 2 7X1/3 y?? h 
12 3Jftffc^tSifct:J:D. FFP»Jp*fc£iij£ 

3^03K<^t^aiL$-fiSLT. LSv^Ttf&Cli: 
tfX'%h. 

10 [0 079]*HS»g!Sfcfc{t-6J:3t. 3Ki»JRJil 1 

4.122 /xtiftgi&t- mwm 113, 12 

4£^fW(§&Ji. 3fc&<3y*?FJll 12. 12 3X 

®iz%tf*$<mti&ztm±L. mx^-wzxi 
m&mnxmm&FFPimizL. tz^mi 
&m-&zt&x'Z&. zt:. m.mmxteFFPi±z 

FJ1123. n-GaN3>^Ml 1 2^3fc#®fl 
iiS 1 FTI-- iffgfi I/O ^ i: fcgBt 
20 ^Qteg®fc < kSJ:9(C3^^^F«l 1 

2. 12 3+K3ISRIRJ11 14. 1 2 2RV%Mi!L : Z- 
mm 113. 124 F F PJiWfc 

[0080] JJUi^ i 3 1 LT#t*|afejg®<7)^«c 
V-ifJ±. 4 20nmtt&CO}gi£Xmami%mU Z 
f5L^V>ft{ilkA/cin2 jaT-e&O. ^fcP— 
fifcfcttS F F P«#^-CS. ofc . 

[0081]^ri5. *IM{i±aL^l~lg6^liS 

30 tcOT'fcfcSK. Si, SiC. MgAh 0 4 , GaN 
X^)V^-^-/TiPfb^W£Ga. I n A 1 BNW 
g . S i tK^^iS t,OT«5r< . ?Sttfl3&^<03l£t=« 

[0 082] (^6c0HSfe»ffi) HI Hi. if-WmW, 
40 60|S5Bg©K«t>S«fe^*U-1f^lilB&«l«^* 

[0083 3 0+20 U**r7T4TW6Xh>). Z<T> 
SR20 1±Wi. n-GaN3y??H202 (S 
i K-7, 5xl0 18 cm-3, 3*im) . n-I no. 2 
Gao.8 N3IMSJKS2 0 3 (Si F-7\ 5Xl0 18 c 
m" 3 , 0. ljum) % n— A 1 0. osGao.gzN^^'X F 
S204 (Si F-T, lxl0 18 cm-3, 0. 8ju 
m) . n-GaN3^«l205 (Si F-T. 1X1 
0"cm- J , 0. ljmm.) % I no. is Gao. 85 N#FB 
50 (3nm. 5fl) i: I no. 02Gao.98NKM® (6n 



1 7 

m) *»S>&&£«*?#F (MQW) «ittS206. P 
-AI0.2 Gao.8N*-vVT$-rt-yu-WjjkM2 
07 (20nm) . p-GaN3l^»S208 (MgK 
—~T, lXl0 18 cm- 3 , 0. l//m) . p-Alo.os 
Gao.92N?^-y VM209 (MgH-7, 1 X 1 O 18 
cm 3 , 0. Sum) . p- I no.iGao.s N3fl&JR 
S210 (MgK-r. 5Xl0 18 cm-3, 0. 1 ju 
m) N P -GaN3y^;H211 (MgK-7, 2 
X10 18 cm- 3 . 0. ljum) 1fil8&3&&&tLX\>h. 
[0 0 84] pI3^?M21 l(0»^nla 

TBfcSS*U ^ofc^cOfflSfctt. p-Alo.osGa 
o.92N®£yn-y^«2 12 (MgH-T, 1X10 18 



cm 3 , 0. 1 Aim) , n— I no. 2 Gag.s N3fc®JR 
M2 1 3 (Si K-T. 5X1 0 18 cm- 8 , 0. 3ju 
m) s n-GaNmgS7'0>/^« (S i V-T, 1X1 
0 18 cm- 8 , 2um) 2 1 4#R£?R&3*l-0**. * 
LT. ^-9-±a5ai/nS«S[yn »/?121 4±C«. 
P -GaN3^?M215 (MgK-7, 2X10 
i 8 cm-3, 0. 2um) #0fcg»j£3ftT^5. 
[0 0 85] 2*:. pS3y^^hS2 1 SffMMfrb 
pStS7n7?12 1 2*^*^-13^*^ StBL 
fcnSay?;? bJf 2 0 2±fcA 1 /T i/Au*^ 
5 nffl«62 1 7jWBj££*U -*p!3^; KJI2 
1 5±fcttPt/Ti/Pt/Au*»£>3r&p(|!img2 
1 btfftfS&tlX^h. mS2 16, 2 1 7# 

{ZS i Oi Wm2 1 8tf&j£&h.?»&. Srfc. MQ 
W*Stt*2 0 6tf)<Ikt4jL£mi:LTV>a. it. *$fc:0 

^l/O*^* 5 . v-if^asitsgHWiT i 0 2 /Si 

[0 0 86] ^Seg®"C»i. 5mm<0i§ 
L£ntt»&7 0mA. ^I4 2 0nm > KH£ 
115. 2VC^iS)SgflfiL>t. S^SCC, 5m 
wra&tlfcttS*^^^ 5 0 0 0 SHSliUbT'&ot. 

ftpo^^'' , mwM22° x-mzw- 

[0087] *HiSJgltW—rw^. MQWJSttJl 2 
0 6 £fttfA lGaN?77 FH 2 04 SX/2 0 9 <W\- 

m\z\±mmzwmG a n Y\m 

m&X'bhii 1 . AlGaN?7yF12 04&tf2 09 
cOi'Hffl^O^^aj L Jt3Kfc*f LTInGa N«K1 2 

o 3&tf 2 1 o t j: vmxnmm*- Ftt««#*£ 

n-InuGao.8 NtMJR12 1 3#Kifc 
Fli***- WZitKXWkteUt* y F 

i> . ft«^rtTc7)iftjS*^g^*i»i tSilK:^ 0 . F F 
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0. 4/imgJg^V^?SttSig^fflI*q^T*>-5W 

[0088] n-I no. 2 Gao.s N3&RJDU1 

203. p-Ino.2 Gao.s N3E©JRJf2 1 0 

n— I no.25Gao.75N ( S i F— 7\ 5X10 
18 cnr 3 , 3nm, 1 OM) RpMt n— I no. oaGa 
o.98N(SiK-r, 5X10 18 cm- 3 , 6nm)P$M 

10 mfr^z&ATXpmmmm. P -ino.2 5 Ga 

0.75N (MgF-T*. 5Xl0 18 cm- 3 , 3nm. 10 
m) #FBtp-I no.02Gao.9sN (MgK-7, 5 
X 1 0 1 8 c m- 3 . 6 n m ) WWMfr^%hMrF#FfflB. 
mmmiZitlhZtX\ FFPJ±*¥ft7- , Sitft 
2 0' «t-;t, *^|g||{J3Atmfc^«iS#T 

*>^S < * 0 . 0 * { l"Lt Lfc. Zti 

1 n»j£^§v^3iesjRi?:*«-c5<-rstrtia5 

[0089] (mommm) mi 2\t. *m<m 
7 c7>m]mmiz&h&fm¥m#i>— <r<oimm^m 

■fWM®X*>&. ^rfc. Hilt ISMftfrfcliPM^-f- 

[0090] #mmmtfmi i-c*snsm6<oni«s 

^©KMLT*5rS^{±. n-GaN3^^M20 
23^^-1 no.2 Gao.s N^mtRM2 0 3 fc. p-G 
aN3^?H211ftlf215!il s p-Ino. 2 Ga 
30 0.8 N3(aRJR^2 10tB#a^.-CJ>S^i:-CJ>*. fi! 
-jt> n-I n0.2 Ga0.8 N3fc®IRa2 0 3at/p 
- I n0.2 Ga0.8 N3tlRJR«2 1 0{±3ttRJRStttffi 

[0091]^aiJBffir^*^ftO. 5mm^S 
Ll^l®j75mA, IS»l4 2 0nm, iW£ 
WJ±4. 8VT-SiSa^fiL^. $f>t. 5 Or, 5 
mW!!»fc:fctt6^*Srli5 0 0 0«mUiTJ>o 
Jt. FFP^i7k i l ^ ^i|5• , Sfift20* t«<0 

§io*^^IHI{i4Atmt/J^<. 3tx 

[0092] #mmm\s~^cDm&. MQwvStti2 

0 6£&tfA 1 G aN?7 y KJf 2 0 4&V2 0 9<0i1- 
mWifflmiZtt LXmitcG a N^« n - G a N^SS 

mmtmmizm&x'k&iiK i nGaN3t®jRat 
x\ m6<7)mmmizitKxh. F¥P<rMmn<rm 

1 nGaNjt«lR«2 0 3&tf 2 1 0*«mffi3y^^ h 

50 m*m&h<r>x. mmm^m, nM&izTmmft 
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[00 93] *^i±&Uc8S6-SfS7tf)liSfe fc. ft&ft?) ££IHft<iBI 1 6 (ciSf* 3 tc . 

08£R&h.6t>aTU&< . g&t LX. Si, Si mMX\t2r><?>V-?iibr>1zi><?>t>K *HSfejg®T' 

C, MgAh 04 , GaU%t'l>mi*i&Tbh. & « lOOt-^fc&'K Sitfr!6l?>¥ffllt> 1 4 * fcft 

SltfUfGa I n A 1 BN<9£®fflj£-ej5lV\ ft 

(ajRa^oH-ey^iMg , s i £K6*i& ^cox-it [ o o 9 9 ] +w&&MU&ii&b ltmocv 

105 cm-iwwmmmktvhtx* mm nmm^titfMBEw-x'h&w 

ii:ft*»^™tj)-)t t § £>t. tm*m [0100] (m^mmm) m 1 4«. ^Hj^gs 

[0094] im8(rmmm) mi3it. *mwm [oiouir7r-f7«K3 2o«)±*c, aina 7 

8C5|lit»®t«i?5«fe^frV--1f<0SPSflifi!t^ 7rJf3 2 1 (T^F-?*. lOnra) , n-I no.i 

1-Btffl0T'S>5. Gao.s N3^?M322 (SiH-7, 1X10 

[0095] B+CDSOOtil^y-fT^R-Ci) 1 ?. CI 19 cnr 3 , 3;umK n-Gao.97Aso.03 

<0*R3 0 0±t:{±. Al N/I nNet&^A.y7T^ S3 2 3 ( S i F-7, 3—5 X 1 0 18 cr' . 0. 1 

301 (T^F-T. 4/tm, S^OJtA 1 N : I nN jum) „ n-Alo.i Gao.s N?? y FJf 3 2 4 (S 

= 8:2). n-I no.i Gao.s N3y?? FJf 3 0 i F— 7\ 5XlO"cm- 3 , 0. 8um) „ GaNft 

2 (S i K-r. 3—5X1 0 18 cm- 3 , 4vm) . n BJCfitf>JI325 (Si F— T, 0. ljttm) x I n 
-GaN/Gao.85Aso.i5Nj@f&7ft(RJRJf 303 20 0.! Gaoj NStti326 (S i H-7, lOn 

(Si F-T, 3—5X1 0 18 cnr 3 . 0. ljum. m m) „ Ga NjKffl tSA^3 2 7 (TfF-T. 0. 1 

£<Z)JtGaN : G a A s N= 8 : 2) . n-Alo.3 G jum) . p-Alo.iGao.s N^7 FJ1328 (M 

ao.7 N?7 7K13 04 (Si F-T. 5X10 I7 c gF-T, 5XlO"cm- J , 0. 8jum) p-Ga 

irr 3 , 0. 3jum) „ I no. 2 Gao.s N*SttJf305 0. 97 A so. 03N3fl»JRJf3 2 9 (Mg F-T, 1— 3X 

(T> F— 7\ 0. ljum) s p-A 1 0.3 Gao.7 N 1 C'cm" 3 , 0. ljum) < p - I no.i Gao.s N 

?7»/FJl306 (Mg F-T, 5XlO"cm-', 3^?M330 (MgK-7, 1— 3Xl0 18 cm 

0. 3 Jim) „ p-GaN/Gao.ssAso.isN®^ -s, 0. 3 Aim) tff&g : &f8.2izX^&. =5ri>. 

3t®JR*3 0 7 (MgF-T, l-3X10'8cni-3, 0«^fef B ^iMBEffit J^TfroT^S. 

0. l;um, ff£cDifcGaN : GaAsN = 8 : 2K [ 0 1 0 2 ] -£LT. pl3^ 7 FJ13 3 OOftffi* 1 
p-I no.i Gao.s Nay^Mf 308 (MGF- 30 tnfa^? FJf3 2 2t3£tS£f-&* { X-y^y 

T, 1-3X1 0"cm-s, 0. 1/xm) #J££JB)£$ ^fcJ:-o-C|ifc£$*U RfciSflfc nl3^? F«3 2 

*VO>S. #S3 02-30 SOi&gd&Ktt,. MOCV 2±fc(in|ffl«g3 3 2;{flBj£3*U pffll®K330± 

D£ <*»&gmfflj£ft£) fcrioTffoTv^. t«pfflSfii3 3 l3&>*^$iiT-S. it. Wmf£& 

[00 9 6] JJB£J|30 2-3 08Olfcfi&. pMS Sr^<»C«. y-?m£g£fieOt#>?)S i O2 fflk 

mt%hffiHziX?*&l8.L. ZtlSm<7>&ftinm &3 3 3VB&2tlX^Z. 

3y??bm3 0 2{zm-&£TX."/1->y£ft^. Wt [0103] pi, ni^:, Gao.97Aso.03N3fl8 

V^ffitC'J-^ma^teCfcyxOSiOz Srftftfc. JRJ1323, 3 2 9<Dt&75£g«i I no. 1 Gao.s NIC 

*Lt\ pI, nffi*t«fllSr^B!t^-|,^WS i 0 2 te?S£LT;fc9. JSttJ13 2 6*>&3&tf £>*U3fcOx 

£Bfc*U pE nSc9Bffi£R3 li. 312 £gg# *;Wf-J: 0 t/h?^^F^T5r#ri. . 
Lfc. 40 [ 0 1 0 4 ] Umnm^Z'tt L # l^«8 0 m AT8 0 

[00 97] pS, n^tGaN/GaM5Aso.i5 'C&TSRaSLfc. $m&mi3 7 5 nm. frf^SE 

Nj@tfrBt®JRS3 0 3, 307(i. A 1 N/I nNj@ li4Vp*ot. <I CO^Cfc ^Xi> ®f&^ 3fe®ItZ«^ 

!&?A y7r®3 0 ltlS?S^L-C*JO. «tt«3 0 x^xftni>tdmftztimmT<?>m&.iim<%& 

5*^^i:^^^x^/^-i0t>/h?^N>F^ «-CL#v^ifi<. jSSSff^JiWCfcOJl&oflSaw 

<^r*. m^x^ztizx*). f$.&>t'mi8.m:tz§Ltm 

[00 98] XgmWyU— fXii. L#V^l80m &&1&mX'Ztz. 

Ax^igcmfflKUz. %&®.m4 2 0nm, mim [0105] (mi oemmm) mi 5<i. *^<o 



21 



[01 063 H4»<9 3 4 OJi-9-7 r-f7a«, 34 Hi 
n-GaNA'.y7rI(7yH-T, 0. 1/zm) . 3 
42lin-Gao.9 Alo.i Sbo.i No.9 ay??h 
3t®flXa ( S i K-7\ 3—5X1 O 18 cm" 3 , 4jtz 
m) , 343Bn-AlGaN?77Kl(SiH- 
7*. 5XlO l7 cm-3, 0. 3jt/m) „ 344»in-G 
aNM^ Kfl (Si Y—T, 5X10»cm-3, 0. 



Um)^ 34 5ttIno.3 Gao.7 N/GaNfj 
^#FiStt« (TVH-r. #F«l2nm. PSSg4n 
m, ^7&3K 34 6(ip-GaN5K^H« (Mg 
K-7*. 5X1 0"cm-', 0. lxtm). 34 7lip 
-AlGaN?7-yHl(MgK^7, 5xl0 17 cm 
" 3 , 0. 3um) . 348tip-Gao.9 Alo.i Sb 
o.i No.9 3V^^h7MJRfl (MGK-7, 1 — 3X 
10 18 cm- 3 , 0. 5vm) , 349«n-GaNIi 
PWMKSiH-7*. lxl0 18 cm-3, 0. 3/z 
m) . 350lip-GaN3^^^h« s 351titpfl 
«tl, 3 5 2»in08«ffi'CfcS. 
[0107] f^*ffi(i. <JW>J: 3 fc=5roT^S. 
t MO C V DmiZ X 9 n - G a NiMlSSJl 3 4 9 £ T 
j£fiL-£<D&. iiiil 3 0 9<0±t-37 =r MJ 7 
fy? <-lzt*)Xh74TVie>'?z.?ZBl&L, p- 
GaA 1 SbN3t«lJRS34 8*«Sa5-rS*-CX>yf-y 
^SrtTS. P -GaN3^?M350^ 

J134 2£.m-&£T-&£i&£L. gtfiLfcnMrjy 
^^hfl3 4 2±fcn|ffl«fii3 5 2S-m^V^L. 
(CpSnV^? hW3 5 0±tpili3 5 1 ZBtftt 
6 d fc •) . m l 5<offii&*t#^>iiS . 
[01 08] #H*fcJ$g<Dl'— fli, HH20mA 

-emmmmitz. %$mm*4 20 nm, a^mff 

1*3. 8VC&-0*:. 

[0109] (mi lOKttiBS) 017li. *?&BBtf) 
mi l^H»©tc^*>S»fe^f*U-9^B^«BS 

[01 10] B#«3 6 0ttp-S iCSS, 3 6 Hi 
P-A 1 N/I nNA.y7rJf (Mg K-7"3— 5 X 1 
0 2 »cm- 3 , lvm, W^OltAlN: InN=0. 
7:0. 3) , 362lip-GaN/Gao.9 Po. l N 
®fc?Tfe®JRJl (MgK-7, lX10'Scm-3, 0. 
4/im, Jf^iOjtGaN : GaPN = 0. 7 : 0. 
3). 363lip-Alo.3 Gao.7 N^yFJf (M 
gK-7, 5X10"cm-', 0. 3jum) % 364li 
Alo.i Gao.9 N3fe<r>f HJi (ryF-r, 0. 01 
jum) » 3 6 5li£fiM J f#F?SttJiI no.i Gao.9 
N/Alo.i Gao.gN (7>F— 7*, #Fg2nm, 
Hii4nm, 3^7K 3 6 6«Alo.i Gao.9 N 
JUH m {TVY-7, 0. 0 1/im). 367tin 
-Alo.3 Gao.7 N?7 7Kl(Sih'-r, 5X1 
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0"cm-3, o. 3jum) , 368lin-GaN/Ga 
o.9 Po.i NjSf&TT&RJRJl < S i K-7", 1X10 19 
cr', 0. 4jum, ff§<OltGaN : GaPN = 0. 
7:0. 3) , 3 6 9fip-GaNSS®S5gJi (Mg F 
—7", 5xlO"cm- 3 , 0. 1/zmK 370tin- 
GaN3y^M(SiK-r, l~3xl 0 19 cm 
- 3 . 0. Urn). 37UinfflmGL 372(ipffll« 

[oin] mttmn. vwxdizz^x^h. m> 

10 fcMOCVDat«tOp-GaNma^^®3 6 9^T 
JfcftU ^<0^-CmS[«^«3 6 9tf)±C-«7* h U 
y^7-f-fc < J:'3-7X^S-JB^L. n-GaN/Ga 

p Nst&^^ra 3 6 8 * -ex »/ -f->7* 

fro. ft^T. p-GaN3^?M370MIt 
HiB£VM37 1. 3 7 2£jgj£U -£tf> 

[0112] J&ttiBMKBffHFFeii* L# V^ffi7 0 
mA"Cifiag*ft<i3 7 5nm. 3S*We-K«RU 5 
0 0 0B^£W>££aftiilf2U:. 
20 [ 0 1 1 3 ] $rfc\ *S0K^a*ii5tt«fcJf LTSISi: 
RHWcKfTui* 1 . «S0R^«(ia«08T'i>J:v^ 

[0 114] (mi20HS©e©) 018J1. 
Sgl 2<0HiS»St«i?SWfe^«c^— rHB<7)8lBS 

[0115] 0(ftf)3 8O{ip-SiCg« x 38Ui 
p-GaNA'y^ri (MgK— 7", 3—5X1 O 20 c 
30 m- 3 , 3//mK 3 8 2»ip-GaN3lSRiDUI (Mg H 
-7", lXl0 19 cm-3, 0. ljumK 383»ip- 
Alo.4 Gao.6 N?y y KJf (MgK-7, 5X10 
"cr ! , 0. 3xtm) . 384JiAlo.3 Gao.7N 
jfctf'f Kff (TV K— T, 0. ljum), 3 8 5Ji^» 
*^#FS5tt^A 1 o. i Gao.s N/AI0.2 Gao.s 
N {T>Y—7. #FS2 nm, KMJ¥4nm, 3^ 
T) . 3 8 6«A lo. i Gao.9 N3fc«f-r K« (T>K 
—7*. 0. ljumK 387Jin-Alo.4 Gao.6 N 
?7~/Vm (Si H-7*. SxlOi'cm-s, 0. 3ju 
40 m) . 388Jin-GaN3t®JRS (Si K-7-. 1- 
3X10i9cm-3, 0. lum) . 389Jip-GaN 
Sc^lE^«(MgH-T, 5xl0 17 cm-3, o. lu 
m) , SgOJin-GaNr/^^hS (S i K-7 - , 
1—3X1 0 19 cm-3, 0. lum) , 39Hinfflm 
flS> 3 9 2Jipffi!«ffirj)4. 
[ 0 1 1 6 3 m&r&li. *«J:dK<f->TOft. S6»6 
KMO C V Dffifc J: 0 P - G a NmcSa^^l 3 8 9 *T 
JS^L. ^O^Tfl5£^«3 8 9<^)±t=-a57 * h V 
-f-fcJ:9vX^*»jKU n-GaN3t®JR 
50 B388^aj1-S*T-x>yf-y^2rff3. iKV^T', p 
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fc«S39 1, 3 9 2£jgj£U f«i(:J:Dfti 

[0117] *mtmimi&<m?x'it. l# v^7 o 

mAt«Ui3 7 5nm, a*«*-FS8SU 5 

0 0 OI^ST'<0$^iWt5I^Uv:. 
[0118] &i>. 3S8-5I 1 20Hte»fflEtt>^T, 

?*x--mmtfm^mn&m?<?>m-m&i!ib 
^xn^-vy&mnm&W) t^t tzx o . mmmiz 

5. 01 9tc5cTJ:dt. sw^^^s^u^ 
nmxittjmtmuMTmiti z^m. n 

mim\'*i&Mi&m&LX\^>£git ! %<. tsL 
ZWA-tfim v WISH? LT v L # 

tl^HiS^JBtfc V^Tt>. tS^^SOSV mo. 2 %w 

it:, ffifrFzm^Kmitiziimzmmm'izx <om 

[0119] mi 3crmbBB) 02 Hi. *m&> 

m 1 3<onsfejg®t«i?5Wfe^^v— fcovmmis. 
[0120] &m{mmu£XMoc vDi&cj: 9j&r 

fetfl^GaN, AlGaNJgte**#«;:JiS*, *S, 
Ty^-TiSrig^Ut^HMTl 0 0 OXlfrh 110 0 

XI 0 0X^8 5 0"CC0^Hfc L£. 
[0 1 2 1] 04>O42O«-9-7T-fTKRT% (00 
01) cffi£fflWtfcfK I'-^S^-Ji^^fciO 
mi8.ZtlX^&. 4 10lin-GaN3^M(S 

1 K-7, 1X1 0 18 cm" 3 ) , 4 1 Uin-Alo.os 
Gao.92N^5 /K® (Si H-T, lxl0 18 c 
m-3, 0. 6vm) ?S>&. 4 1 2li£M?#Ffitii 

(MQW) . A14f-v>y7*a. K«££tttSttJi 

JI20. l/zm<?3GaN*^^S3b!f^ KJ1 
fcSfffllfc^U #Fia3nm)S<0I no.isGao.ssN 
Jl* 1 ^ 1 ?. ;N''J-Wl»iS££6nm<DI no. 02Gao.98 

J|fcMQWJ|fc£>|BII3i. f?2nra«p-A I0.20G 
ao.8oN«IBMMH(qfAS*LT^*. 

[0 122] ifc. 4 1 3lip-Alo.08Gao.92N? 
7 7KI(Mgb'-7, 5X10 19 cm-3, 0. 6u 
m) „ 4 14J4p-GaNny^^h« (MgK-T. 
8X1 0 19 cm' 3 . 0. 2/zm) X'h*). fi±gK4Mg 
£2X10 2 °cm- 3 fcSffig-fk£*i-O>S. 4 15J4P 
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t/T i/Pt/Au pfflimffi. 4 16(4Si 

O2 WML 4 17liCr/Au;!p&&6;\-.yKflM 
ffi. 4 18finffl!lS«iT'S>£. 

[0123141 9«3j^|i|^@(^fc5^iRlRS'C. 
3^^M4 1 OrtfcMSftTfc 1 ?. ^fifii^F 

(MQW) tttMHlil/O**. #Fl«3nmK0I 
no.2oGao.8oNS*^^i5. Ay-WHiffS 6 nm<0 
GaN^flS^/lS. ttFJUilOJfT'&S., 

10 tt&£?.mmv>#FmiMLizttLX5%f3g.Z< 
=5:5J:d|g^L^. MQWCJiSKWrei nG 
aN«fcL-CJKHU:%£\ ^xn-£jirclWfcL*:*<. 
GaN^N'U-^SilLTMQWCO^I nfflj££8%£l 

fefcT^&fcftB^U^O. 9/xmfcLfc. 
[0124] *2&i»B!B0>tiia§fcL i 0 1 LTfftft 
£-f. p13^^M4 14^T'<^affifi 

20 ^m^ityiz^hYy^^yi-yymkim^x. 

02 llSjrf <fc-5&y ySTOttJMW*. <fc^T\ IS 
( S i 02 ) KfcgjiiHBjftLfctiL ft 'J V ^97 

ft2twaa**i»t. pMSffi^^-rscfctioT 

*££>il.6. U-yy<0<il4l£Hr4^m x S i O2 Og§P 
{Hi 3 ^ m t Ltz. U >y 5TO3»^S*IU»;»£¥ 

[O12 5]#5lfi0B®t1i. L#V^ffi6 5mATSa 
30 jSBBfciiU:. j^g|fefi«i4 0 5 nnu iW€E«i5. 
5 Vtiofe. h-A!gfi:«±iiU*T*> 0 . ^N^ilSIHi 1 
Oumt+ft'hZKM&n^ti*:. ®7S%.&j]im&ft 
MX-1 0mW£T%t>tl. %MmW3miSJ£\i6 or. 

msmtzm lx i>m&x* 1 o o o i^aiaJiS^iM^L 

Ltdmx^t=1xt:. W6*mmi,z£')5 0txmiX:m 

{410 0mAtS<. WGg3mtmm.i>3ox:t& 
<. ^xmrnwh'-Ax-ii^t:. 
40 [oi26]022 \±*mmmizm?&Emzmm- 
ht:#xmx-ib&. ®tttajita5*^coA*ft v mmz 
imftxs&mzMixm. \^hyr~y^->vv 

■t^-y (FFP) twnst-A^su^ 

^mzwmmitfm.'t&t&x'b 
a. ^titcitL. v>mwm&&mizimm^m. 

(02 1(OH^SIcOJ:dtO. 9jumeS) -tlZt 

so icjt 0. nMm\tty?? vm^ffm^i^Lmm 
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S*U ?^tnfflS(CiaJtZ^JS105 cm-'SS^SlR 

[0127] mm<m.mi. t-Aigeomflu 
i-zmmtz&Lfcsmk Lxwrnt^zttm* 

i nms&$>< tx. mmmni nmLtm^-mm* 
mtu\ mm. #f«. mmmmzinmsAzm& 
m<r>MCiw3<?)ztLtmt£Lx. mzzsmtxim 

[0128] (mi4crmmm)m2 3ii*micDig 

^■mtimThz. =srt5. 02 1 t^-aw-wira-fir 
^ttt lx . tcowumwixm-tz . 
[0129] m^ftifcrnrntitccom 3<vm3mBtm 

39<ommxmmmizs>&. w*>. m.ws4 3 9 

{iMQWflB§£8JBU #F«i3nm«OI n0.20G 
a0.80NB*>^'). ^J^mnm^6 nmOGaN*' 
£,«fj££ii.&. #FS«2 0BT-AS. *IHSS»ffiiT 
HU nfl8«ffiwriv^^ha5t3Ki»JRS4 3 93!pEaiL 
tMsO. m«U14 3 9fc:mfii:3y??F£flX6,r£# 

[0130] m&X'<r)L^^miim l 3<^HS£«i& 

fld|E#4. 5 VfcHB3TC# fii^^HiaS 
«6 0'C*^8 0'Ci-Ca<'rSwi:*i-C&Jt. flffltt 

iiS»*)«iaT-ijfii-^t*^|gt^o. sor-ciooo 

[0131] (8si 5<rmmm) 02 4«. *^co 
mi 5onjeg®t:^s«fe^*^-ifc7)«pisfiij£ 

iSr^-BrBBHT*)S. -T^TIi, -"Tit j§ttiStf>tti££ 

[0 1 3 2] 0+4 5O«n-GaN=?y^^M (S 
i K-7, lxl0 18 cm-3) , 45Uin-Alo.oa 
Gao.92N^7-/ H« (S i K-T, lX10 18 c 
m-3, 0. 6jum) . 4 5 2U££ft?#FflBa ( MQ 
W) , Al*t77B, Ffl*frtligftH«T* 
D.SS0. l/im«GaNK^5M^ FJH&ftH 
fc^FU #FJUi3nmJf<9I no. isG ao. 8 5NJgjK> 
A»J-^l{±g$6nmO>I no.o2Gao.9sNjK> 
fl&SSftS. #F«li5«T'ftl.. pffl9<WKJffcM 
QWJf fc^fcHi. Jf$2 nm^p-A lo. JoGao.ao 
N9ig«BJft0'ttA3*lTV*S. 4 5 3«p-A1o.o8 
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Gao.92N^5<y h'Jl (MgK-7, 5xl0 19 c 
m-3. 0. 6/zmh 4 54lip-GaN3>^^ M 
(MgF-7, 8XlO"cm-3, 0. 2jum)-CJ>9. 
Wt±mtM g£ 2 X 1 0 2 ° c m-3 CffiRSft&h-TVi 
6. 4 5 7JiPt/Ti/Pt/Au*^:5:Spffl!imffi 

[ 0 1 3 3 ] 4 5 9li^em(cfH3«X«IIUi-Cft 

*). Zm&TftW (MQW) «t*8Ufll/0*. #F 
lti3nmff<01 no. 2oGao.so NJgA»^0. ^'J* 
10 mute 6 nmOGa N^6Mlfidtt.£. #FHi 1 0 
Jf *8fl3Mttg-tt|Sl 3. 3S14C9IQK38 

i:H«iMOCVDCJ:»)lfi«ftffofc. jfcg£fH?t> 

[01 34] 46 1 i>45 9tmmtz?mwmx'b r ). 

nSMQW^Ji (#FJf : 3 nm?©S i — I no. 20G 
ao.soN, AUTJf :ff$6nm<DSi-GaN, #F 
J1J210J1) *»^9^«±fcp-GaNny^^hB 
462 (MgK-7, 8xl0 19 cm- 3 , 0. 5jum) 
£ft£Lfc. 46 1. 4 6 2J±MOCVDfcJ:SgS?J& 

20 ^zm^xmim:. ias«8oox:tL^. 
[0135] 4«iMminBTti. we- KMwaaJi 

flLbLfe. *£WMrctt, L^V^fi7 5mA-CSffla 
«g&ILfc . ft&ft£tt4 0 5 n m, MfWEB 5 . 5 
VThrttz. t-AtttliWTfcO, 0 9 5% 

EUiTftAHHSl 0/*mJHi*W>gbW»Mufc. 
[01361&&, *WW4±34Lfc»13-«150 

30 TSiC&fc't,®HiTinigT. II-VI Mt^fe¥#^ S 
i, Ge&2f£ffiivr«>&l\ Z ZTtiitmm&A l G 
aNt UT£SBtfc36*I n. Ti , Si, C, N i =5rif 

[0 137] (US 16 OUSegJg ) iW3»fcS*1Qt 
Jgffli (fBl 6-SU8) TJi. «ffiTS?fcI nGaAl 
40 NJI£#t 4 W-if^jtfciJV^T . mffiS^CA s . 
PXJiAs fcPfrmiC^trl nGaA 1 NJIftftfrf 
i<0«fttJBV»*ifc*9c6«C«l»*jfr3. 02 

a' **b' fcSLT^S^^yF^-r-yTSilS-jTV* 
50 <&#3*LS. t-K#33ELfc3HiL*vva 
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[ 0 1 3 8 ] 02 6li. *miCD$H 1 6 Of£8sJ$g{c& 

[01 39] 0*52Ui^7r^raS-CS)O. 52 
2llnlGaNl, 5 2 3linS2A lGaN?77K 
Jf. 5 24liTyK-rGaN^^K® % 52 5«I 
n G a N/ 1 n G a N4>63rt*7#FJI'C&* . 5 2 
6{±pSGaN^-f KB, 5 2 7<ip£Al GaN? 
7-yFJlT*a. 5 2 8, 5 2 9Ji-Hl-fiX. nkpO 
BtiT'&O. *t3/zm«S(C^LTV^5. 

[0140] tTcnm^mzmtigmmv 
»i. mffiay^^haitAsSr^ny^^haso 

1, 5 0 2£RH"U>4. 5 0 Hi. nlGaNAsf 
50 2lipSGaNAsjr?&&. &Alft«(C 
JiMOCVD^teflJLTfcO. 50 1, 5 0 2tf)#Jl£ 
ft£3«£«roj^8UK£fte>RCtt L2 0 OSfi< 
1/0*4. £X«>j££ftTft. ^XhaBSI^V- 

»as*fe. s^t:. p«s^ji&MHft£iiip*3-& 

[0141] *sobb«©w— mi. ££9Klft:« 

-UEfitJ&OU-lf O L- £ V 1 k A/ c m 2 "CS> 0 . 
[014 2] <|S17<9§Q£JB!g) 02 7H. 

Si 7coHSfe}g®{c:^6^«c^— fcnmsmm^ 

[0143] 0+5 31«1?-7r'fT»R-C&'3. 53 
2JinMGaNJl. 533SnlAIGaN^57K 

5 34«ryF-TGaN3t^>f Kg. 53 5«I 
nGaN/I nGaN*^Sft7#FBT2bS. 53 
6iipSGaN*#-f 53 7{JplAlGaN^ 
7>F«. 5 38, 5 3 9Ji -eft-fit. ni:p^«ffir 

P«Hi3jum<n3R9l/Oi&. 
[0144] 5 0 3»inSGaNPJITi>9. 504Ji 
pSGaNPST&S. t£f B j££<±MOCVD£ffifflb 
TfcO. 5 0 3, 5 04^)#«$-^§^:i,^)^^ 
i&gfcfl&OBIfc:** L 2 0 0 gffi< LT V > 6 . £ ^ffiitiO 
l'-1f<Z>Li'^ttti. lkA/cm2 TftO. t&fcOl 

[0145] (si somem. ) 02 8«. *«na 

[0146] 0+541^■t^7r^TS«•C'^> , ?. 54 
2{inSGaNJ|. 54 3{in£A IGaN?77H 
Jf. 5 44liT;'F— 7*GaN3fcXM FB. 54 5«I 
nGaN/I nGaNA>/i5rSif#Fm«. 54 
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•6iip£GaN£tf4 FJI. 54 7Jip£A 1 GaN? 
7«yFJl. 54 8, 5 4 9{i-Hl<fit. ntp^SffiT 

p mmt 3 mfiK^nv i/o»s. 

[0147] 505ttnMl nGaNAs PJIT&9. 
5 0 6»ipSI nGaNAsPJgT&&. Igi&JfcftJiM 
OCD£ffiffll/CfcD. 505, 5 0 6(D#Jf 
*&l$0»j£JtM*fflal(fcttL2 0 OJg<£< I/O* 
•S. CI <59$3atf) l^— tf <7) L#V^Ui. lkA/cm* T 
fiaEOl/SHTfcfcoTV**. 
10 [0148] &i>. *^HHJi±aL3tSl6~Sl8H 

titGaN^jfflv^ ftaMcBfcamoE^ns 

[0149] (SB 19 COUSINS) 02 9ti. *mi<?) 

[0 1 50] *T7t4TW6±6 IOC:. GaN*>Mr 
20 I.K77T161L SiK-7«On-GaNK^ 
nl3y??H612. S i H-7<On-GaA 1 N 
*^=3:SnM^7 yKW61 3. S i F-TOn-Ga 
N ni#>f FJf 6 1 4 . AyH^ 7 7X^ 

^f-tfH* 0 . WlWWWJf* 1 0 nm£lT«>2tM 
WInAl GaNJ|^9£L?flK3ft£JBIIIflBB* 
6*4*«*F#W»l«B*»J5>?Sf*MQWSSttJi6 1 5. 
Mg K-TiOp-GaNK^P^ FJI6 1 6. 
MgK- 7"«p-A1 GaNjK>=5r6pM?7y FJf 6 
17. MgK-T£7)GaN3&^^rSpM3^^^hfl6 
30 18. 2fet^±gJtp|ffl«fii6 2 2*ge^<lTV* 

H16 1 2<m#2.X'$Mmi l zx.v*>72tL. SffiL 
tnS3>-^^he6 1 2<?)^Mtttnfflimffi6 2 1# 
JBj£3iVO*S. 

[0151] ddT'. p«#>f FS6 16, pi^57 
F/f6 1 7 , Pffl3^? FJI6 1 8tCO^T«. <fc<9 
idteJfSfcibTTS. PffiJtf'f FJf6 16{i0. lju 
mfc-tS. pffl:?5>y KJ16 1 7JiAlo.i5Gao.85N 
£0. 05umartL. &*LX1»£\>\ Pi3^ 
40 7 W161 8HGaN£0. 05/tmfilTtL. 

[ o 1 5 2 ] *mmm<?>£ o tc ^ 5 * kji 6 1 7 £ 

0. 0 5/<mOTfctfc*&£. 03O(CSrf idfe^ 

[0 153] ^fc. fif*FFP«03 3£Oj:afc:^i«tt 
#*IJp-GaN3^^M6 1 8. n-G 
aNrj^^^ W16 1 2<?MKfflta«>(C*tJEL^e-^ 

50 aN3y??b6 l8^<1"SC:i:fcJ:0. 034(7) 
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[0154] UihcoX o lz LX&timftls— fit. 4 

lkA/cm' JUTT* 1 ^ *)tL— if^SttJftSF 
FP«WC*>-?Jt„ 

[0155] (m2 0(?>mmB)mz.*mi(?>&2 
o<mimmiz$kh&¥m#u-wz^xwm-&. 

m&tfLim 1 9 coHStJB!Btoa2 9 f: PIST* 0 . £ 
ftfcH&SAU:. pS^H«616, pmtyvm 
617. pS3y;??hJf6 18<0ffij£T*l>. 
[0156] Cl;ft.f>c9Jl£ovvctt, iKOJ dtcJf 
tS^TS. pfltf4FJ16 16110. 02^mia 

TtU ^tfl&LTiJ:^. pfl??yFJ|6 17ttAl 
o.isGao.ssNfcO. 35//mt^"S. pfflS3>'??h 
Jl618JiGaN£0. 0 5/imJJlTt U £fl&l/Ci> 

«fcv\ 

[0157] ^I^HtiDftS J: otztH KJI6 1 6 
£ 0 . 0 2 /x mJjTF£ Lfc*§^ 03 0 fcjj?*- J 3 tC* 

ffiSSSfl-S . ELLS) X o lz LXm&W*l'— m4 2 
Onmti&m&XSaBmBOiL. **>L*VHtt*l 

kA/cm' JHTT* *). it: V— F F 

[0158] (smeggraa) ac. *^ffl^m2 
i <mimmiz&hh?mtoi>-?iz^xwmf&. 
mmmm 1 9 mtmm<r)m2 9 1 na-c* 0 . z 

[0159] ^mmBBiztmi pwju vme 1 e 

it. MgK-TWp-AlGaNXtil nGaNK* 

h. en*>. p®#4 me 1 60>mm±GaLutitf. 

I n£ 5%JJUL XJ±A 1 £ 5%VJ±ki-&. pfflay 
^?M618liGaN^0. 05/xmUlTtt 

[0160] 03 2tfe^T^ Kiiffl^$-GaN*^ 

f. ^T-f Hflm^GaNA^-TilSJlif^+Urjr- 

SUMA'A 1 GaNcO^tt^ttflfcXT-f KJIO^xn 
f$M#*#<&6C:fca^ iWKillfc!|SInG 

£ < £ 6 .r fc 'J 7* o-#fi«3*rc 

[0 16 1] ccoiat^l 9-2 l«H«S0Sfc:J:ii 
«£. piW>f KJlX{*pl3?7yKJl£g<U 4>o P 

o-5:fiS1-|,t^^ pStf'TKJf. pS;?7F 
S. pffi3y^^MfcfcftS3tffltay>ffia2:S<c>L 

hZbtfX£&. pSnv^MfctiftSft 
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m&mmxzz>. Ztit>mmzi.^X. %fr<x 

?%t'wmnzm-mi%\.m. mmxmi. 

ZmkthZtiM&tKh. 
[0 162] 

[|^<^*]iy±i¥^L^J:3t*l6HJfc:J:^ ? 

5 ? t&tc < rnm&tm < . FFP#jp$tts-^u 
%THX?%t''\<rmmizm-&i&i$\ l m. &msx- 

10 ztmmtzz. 

[oi63] j: 9 utewwi. mmzmm-ztuM) 
^T*tt. ( 1 ) nmuzxtuf. y~f)\^ 

G a N^)3lflRlRaX»±JStf*£0fiV VA 1 G a N^Ofi 

#JU FFF<7)m&tCtt%&Z~thZ'ttfX% . .ItUC 
J: l )fagL^v^ffii,fi<-ri» l lt*^rigfc=S:S. 
[0164] ( 2 ) col&ifl-m. iSttS£«t^Stt^ 

T lyWb&fi-fSMlzX h^6&ttmiz i OS^Jii L3K£® 
3699HHi iSlfcSBt:* 0 . F F PliWfcS: OJaoffi 

[0165] ( 3 ) O&BHKifUf » r^^xP^ 

*&A,xmm(?)mmiz. m^^xm^mm^m 

3tT4X? J $>l/-1 ! 7Vi;x.??l l Zm\.->l>tL&F 

f p*« i one-? ££k>i^~ rsrses-rs k*^rig 

[0166] ( 4 ) «HW»fc iWJ. mWBcDrty K^f 

40 trnwaz. yyivKTBmmxvhm&mtzwM&z 
[0167] (5) <nfm\zxtiu, w&rmzAs, 

P^tfl nGaAl N^<7)3y^? hM^JB^thZ 

tm&tz z t tfxz . ztiizx *)?7-y vm&t>mti 
Lxxffitmzmmi. «-K«Heefta 

50 [01681(6) <0%9jt i^jf „ p®tf>{ mXit 
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3 1 

pro? ? -y m& nwvziix m<mm-tzzt t x 
[Hi ] miemmmiz&b&imttiu-' rom^m 

js£5rfBrffi0. 

[02 3iSSSMfe (NFP) <Oftgflc#tt£iicr0„ 

[03 ] tBwkji arras*- Karais *awya£*> 

[04 ] t**fllSitf«S«lf# (FFP) t *jhihc*«* 

[05 1 is^-H^gi^oi^tcis iz^mzitt 
me ] ^ionte^®tci3tts^*^— yjcsv* 
H£*"t0. 

[07 ] S2^ife$l^&;bS^ftw-if<D3&?8S 
ja^^-tBrffl0. 

[08] S3<Dilife^m:fllbS¥gf*:V-- fom^m 

[09 ] S40j|ifc»!gfc&fcS¥?S*V-- Fcrm^ffi 
3a£^t"Kffi0. 

[010] mSOHSS^StffifcS^ftU— fCOHi 1 
ISjS^*flSfffi0. 

[0ii] m6ff>mmmiz®h?>im¥mfru— fco 
[012] micowamiz&bhm&mteu-- fco 

[01 3] ^8<0HSeg©tffifcS#fe^«cP— f«o 
8tB&;|fj££:^-tffiffi0. 

[014] m9cr>mmmiz&hhit&*mtou-~ fco 

[01 5] mi oemmmiz&t>2,w&*mfru--f 
comm&^-rmm 

[01 6 3 mmnFFPimmtimtrvrtm. 
[01 7 3 si lmmmiz&h&it&tmtou-- f 

[01 8 3 si 2 commmiz&fr&^&^mfou-^f 
commm^^rmmm. 

[0 1 9 3 t&?5S&fc^ -v Tx*;i^- 1 <7)W 

[02 o 3 t&^£is^sfi!&ftfc^$£^m 
[02 1 3 si 3<mmw,zm>&m&mwv-<f 

[02 2 3 SI 3<rmmi&<r>m££Wm-Z>tzit><r) 



3 2 



[02 3 1 s 1 4<mmm,z&hhn&$m&i'-*f 
[024] si 5<rmmm^hhm^mw^-' ? 
[025] si6~i 8crmmmizm&ttmtmw 
[02 6 1 si 6 <7mtmmiz&b& u—fcom 
io [ 0 2 7 ] s 1 7 crmmm,z&bh?mfrv-*f<rM. 
[02 8 ] s i s<rmmm\z®b&!mftv-*f<7M 
[02 9 ] s i 9ffmmwiz%bh^m^v-^cr>m 

[ 0 3 0 ] 3f -Y U T *-rt—7 U-C09 =7 v F Jlfffic* 

[03 1 3 *^)T*-*-yn-v>iu vmmmtm 

20 [03 2 3 'J 7*-A-7D-^>( KJfffljStSS 
tt£5ct0. 

[03 3 3 ft#fiR&fcfcH-6P~ ?%mr>F F P£SrT 
0. 

[03 4 3 S 1 6<OHSBg®(Cfc»tl. U—f%mO)F F 
P£*t0. 
[a^HI] 
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40 



110 
111 
112 
113 



1 14 
115 
116 
117 
118 
1 19 
120 
12 1 
122 
123 
1 24 

mm 

125 
126 
127 



■GaN^«/7Tl 

• n - I n G a NX14A 1 G a Nftgftt- Vffl 

•n- I nGaN5BRJRJf 

•n-A 1 GaN?7»; KJ1 

•n-GaNXtil nGaN^ 

•n-AlGaN»|^tS« 

■I nGaN-MQWJSttS 

•p-AlGaNj?|^ESS 

■ P -GaNXIiInGaN#>( KB 

■p-AlGaN?77h'i 

•p— I nGaN^JRJf 

•p-GaN3>'^M 

•P- I nGaNXttA 1 G a Nftg&t- K&J 

•pffl^fil 

• n - G a NXttA 1 G a N^St/a >y ?Jf 
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[HI] 



[02] 



YZZZZZZZZZZZZhr** 



P-GqN 



p-GaN 



p-AlGaN 



p-GaN 



MOW 



n-GaN 



n-AlGoN 



123 

4-124 p-InAiGaN 
-123 

J22p-InGaN 
.-421 

— H9p-AiGaN 
HI8 

MI7 n-A£GaN 
HI6 



126 



n-GaN 



112 
^-111 GoN 
10 



-^1 



[03] 



I* 




-+- 



-+- 



+«fRJS +«iRJB +ttM +<RCB 

$195 ftti*U3 
10 29 3fg 



[05] 




t 2 



1 n-^Jj ^aKonIp^wji I m« 

MOW 3>^S 



[04] 




) wm J 



I* 



-20- 



351 

350xjzzZZzkzZ| 
349 M 1 
348 
347- 
346"" i 



115] 



345- s\\\\\N 
344—1 
343' 



352 



342 
341 
4-340 



n-l n n+l 5S*~ K 
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[116] 



IM7] 



p-InAIGaN 



"W7-. 



* ■ — ■ — - 



p-AiGaN 



P-GaN 



MOW 



n-6aN 



n-AIGaN 



123 p-GaN 



122 p-lnGaN 
121 
120 

zk~|J9 p-AiGaN 
— 118 

117 n-AiGaN 
-116 
115 



,126 



n-GaN 



JI2 

-HIGoN 
-110 



IZZZZZZZZZZZ 



P-GaN 



p-AiGaN 



p-GaN 



MOW 



n-GaN 



n-AiGaN 



n-GaN 



-125 
-M23 



J2I 
-120 

-N9p-AiGaN 
-IB 

-117 n-AiGaN 
-116 

^HI4n-InGaN 



113 n-InGaN 



126 



XH2 



n-GaN 



II2 

MGoN 
IK) 



[09] 



[08] 



VZZZZZZZZZZZA-^ 



p-GaN 



p-GaN 



p-AiGaN 



P-GaN 



MOW 



n-GaN 



n-AjLGaN 



n-GaN 



I23 

=M24 p-lnAIGaN 
^23 

122 p-InGaN 



-—121 



^ ^20 

-1 19 p-AiGaN 
~II8 
4^-ir7 n-AiGaN 
116 

J 115 



H3n-InAlGaN 
j^JWn-InGaN / {?B 

zzzzzzaL, m 



n-GaN 



IIIGaN 
4-1 10 




p-AjGaN 



MOW 



n-GaN 



n-AiGaN 



-123 

-124 p-InAIGaN 
123 

M22 p-InGaN 
121 
120 

I f9 p-AiGaN 
118 

||7 n-AJGaN 



n-GaN 



f7 7^7S* 



JI5 

.H4n-InGaN 

126 



JI2 
JIIGaN 
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[01 0] 



[HI 1] 




125 
123 

^124 p-lnA*GaN 
127 

122 p-InGaN 
-H27 



19 p-AiGaN 
118 

+HI7 n-AiGaN 
116 



-Ul5 
^|4n-inGaN 



H3n-lnAiGaN 



n-GaN 



112 



[012] 



218 




[013J 




312 



311 

Y/S/// A 



304 



-308 
-307 
-306 



-303 



J — 302 
-301 
,300 



[017] 



371 — 
369- 



[01 6] 





-<3T0 
---368 
367 
366 
365 
-364 
363 
-362 
-361 

h^360 
372 



(b) 
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[014] 



[018] 



[020] 



331 



333- 



332 



\ 

V////A N 



119] 



7- 
~ 4- 



2- 



§ 0- 

m - 

-H 



AIN 



— 330 
"^-329 
328 
327 
-326 
-325 
-324 
.323 



-322 
-321 
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389 — 



392 



3.1 3.2 33 3.4 35 
Lattice Constant (A) 



— i 
3.6 



-391 
-390 
-388 

366 
385 
384 
383 
^Tn-382 
381 



^ZZZZZZA 



00 I0 4 



- o o 



380 



0.2 0.4 





439 
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[024] 
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[0253 



[026] 



[02 7] 



6 
ft 



I 



b' 




[029] 



[028] 



549 P-15« 



I 

p-GaN546-fe 
n-GaN 544' r 
n-AJGaN543 /_ 



622- 
618- 
617 



615 
614 
613 



-506p-InGaNAsP 
-547p-AIGaN 
-545 InGaNMQW 
-548 n 

^-505 n-InGaNAsP ^ 
5<B n-GaN 

-54l-y-7 7 <7 611 



616^ ZZZZZZZZZZZZZZZZZ ^MowgftB 
fil5 ^ ^ n-GaN 



^p-GaN 
-p-GaA/N 
J—p-GaN 



-n-GoAiN n 3& 

i/yyyyy^ — -621 




[030] 



[033] 



10 



OB 



- 0.6 

3 

3 

^ 0.4 



0.2 



0.0 



inao^/sxMowo^T 

At 15% KB 



p^xD^cm- 3 




p=2xlQ i6 cm" 3 



P=lxl0' 7 cnf3 p , 5xJ0 is cnf 3 



v,p= wye 



T 



OD 0.1 0.2 0.3 0.4 




(23) 



ftiiH 1 ! 1-251685 



1.0 
0.8 



[03 1] 



In20%/5%MQW io<7 
Ai\5% t^v KB 



p=lxlo l6 crrr 5 




I 



p=2x!0'W 3 



p=5xlO r6 cm" 5 



0.1 A , . 0.2 



0.3 



KT 41 



[032] 



InaO%/5%MOWO^r 
Al©% KB 




-IhiGa^iN -Ai M Gai- x N - 

J *r \ I I I i i i I ■ i ■ I I i i i i I 



■10 -5 O v 5 10 15 
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[034] 




mmw% mm 2- 



(72) *i± 



